In planning and evaluating breeding schemes, a comparison of predicted genetic responses to different selection procedures constitutes a compulsory approach.
The asymptotic genetic progress achieved through selection is inversely proportional to generation interval 2). The generation interval can be optimized by selecting the animals with highest breeding values irrespective of their age and accuracy of selection 1). The genes from a specified breeding stock are transmitted to later generations through the stock selected as parents of the next generation.
This leads to the expectation that there should be some differences in gene flow between those based on the age structure of parents at mating time and on the number of their progeny actually contributing to the next generation, when the age structure of parents is far from an optimum.
The objective of this study was to estimate the bias explicitly between assumed (at mating) and actual parental age structures by computer simulation.
The influence of various factors such as genetic trends, accuracy of selection, selection intensity and population size on the bias in age structure (generation interval) were also investigated.
Materials and Methods

Assumptions:
The four paths of inheritance of genes from generation to generation in acattle population are sires to bulls, sires to cows, dams to bulls and dams to cows 2). The selection was performed in the first 3 paths, nevertheless, bull's maternal grand dams were also selected. The 6 paths of selection were settled to ponder the selection of parents and progeny as (1) paternal grand sires of bulls, (2) paternal grand sires of cows, (3) maternal grand sires of bulls, (4) paternal grand dams of bulls, (5) paternal grand dams of cows, (6) maternal grand dams of bulls. The age of proven bulls was assumed to be 5 years and the germ-plasm of all tested bulls Anim. Sci. Technol. (Jpn.) 63 (9): 924-927was then stocked for two years. The stayability of cows among age classes was assumed to be 0.8. The breeding stock were selected among contemporary mates only once and the proportions of parents among age classes at mating were evenly distributed for sires and decreased for dams according to their viability, defined as the assumed age structure. The breeding stock were used for two (selection path nos.; 1, 2, 3) and three (4, 5) or six (6) years as sires and dams, respectively. Two hundred young bulls were produced by mating the best 6 bulls with 1,000 selected dams, and out of these 200 young bulls the 3 best tested bulls were selected as bulls' sires and the 30 best bulls for Al service in order to produce female replacements every year. The total number of candidates across age classes for bulls' dams aged 4 to 9 years, were assumed to be 8,000 tested cows. One thousand cows were selected from these candidates to be mated to produce 200 young bulls (five cows for one young bull). It was, therefore, necessary for the 2168 candidates and 271 selected bull's dams to be kept till the age of 4 years.
The main factors affecting the bias considered were accuracy of selection (4 levels; 0.3, 0.5, 0.7, 0.9), and genetic differences among age classes (7 levels; 0.0, 0.05, 0.10, 0.15, 0.20, 0.25, 0.30 genetic standard deviation units).
The effects of sizes of candidates (5 levels; 6504, 4336, 2168, 1088, 544 heads keeping the selected proportion 0.125) and the rate of selection (4 levels; 0.1, 0.125, 0.25, 0.50 keeping the base population 2168) on the bias were also investigated for the path of maternal grand dams of bulls (6) with genetic difference of 0.20 and selection accuracy (r) of 0.5.
Generation of population and selection: The population of parents within age classes and the progeny produced from each age class of parents were generated by the following model: Xij=mi+aij+eij where Xij refers to the performance of j-th parent in i-th age class or j-th progeny from i-th parental age class, mi to the average genetic merits of i-th age class (the means of progeny from the i-th parental age class were defined as half of the averaged genetic merits of parents selected from i-th age class), aij;to the deviation of additive genetic value from the means of the age class and normally distributed with N (0, 1), and eij; to environmental deviation with N (0,1-r2/r2).
The generated parents were ranked and selected according to their performance within the age classes. The proportions of selected parents were identical to their distribution in the base population.
The generated offspring from these selected parents were ranked according to their performance and the top most offspring, irrespective of their parental age, were selected as the parents of the next generation. The selecteds were classified according to their parental ages and the selected proportions across the ages were used to calculate actual age structures (generation interval). The differences between the assumed and actual age structures for each path were considered as the bias in the said path.
The records both for parents and progeny performance for each path with each combination of factors were simulated 20 times and averages and their variances over the replicates were calculated. The standard and partial multiple linear regression analyses, including the standard error of estimates, was carried out to investigate the relative importance of variable factors on the variation of actual average age of parents.
Results and Discussion
The tendency and variation in deviation of actual average ages of parents from assumed values ascribed to the selection of their progeny is presented in Fig. 1 by paths of selection. Since the selection paths (3) and (4) manifested a similar trend to paths (2) and (1), respectively, the figures for these paths were excluded. It is obvious from Fig. 1 and the negative coefficients of partial regression that the downward bias became larger when augmenting the genetic differences among age classes. The accuracy of selection was less important in affecting the bias estimation. Nevertheless, the magnitude of deviation was within the ranges of sampling error except for path (6), hence the bias in paths 1 through 5 need not to be accepted strictly.
Path (2) had a smaller sampling variation in the average age of selected parents (Fig. 1. b ) compared to path (1) (Fig. 1. a) . This ascribed to the higher number of selected progeny in the former path than in the latter (30 vs 6) in spite of the same parents.
Comparing the trends between path (2) and path (5) (Fig. 1. b  and c) , it was revealed that a downward trend of bias in path (5) was more obvious than that in path (2), though the reduction in both paths was statistically non-significant. The variation between these two paths was attributed to the higher number of selected dams compared to sires (200 vs. 30).
In selection path (6) a dwindling trend in the actual average ages was manifested by augmenting the genetic differences and accuracy of selection among age classes with additive effects (Fig. 1. d) . While the deviation was less than double the standard error at the accuracy of selection, 0.3, the actual ages dwindled more significantly at the modicum genetic differences with augmenting the accuracy of selection.
Assuming an average milk yield, the coefficient of its variation and heritability to be 7,500 kg, 0.20, and 0.25 respectively, the genetic standard deviation accrues 750 kg. TSURUTA et al. 4) reported that the genetic improvement of milk yield in the Hokkaido dairy cow population was 88.1kg (0.12 genetic standard deviation) per year from 1981 through 1986. When the cows' genetic abilities are evaluated merely on their first lactation records, the bias in their parental age structure is not important. Nevertheless, when the cows' genetic abilities are evaluated through animal model (BLUP) with all available information, the accuracy of selection is increased3) and consequently the yearly genetic improvement is enhanced. In such situations the bias in parental age structure may introduce significant differences in the expected genetic improvement based on the non-optimized parental age structure.
Consequent to the significant downward bias in path (6), the age structure for dams to cows' path should be perceived in two sub-paths considering the consecutive two generations, dams to cows (maternal grand dams to dams) in the first generation and dams to cows or dams to bulls in the second generation.
For the first sub-path, maternal grand-dams to daughters, the replacement heifers (daughters) at the second generation are randomly sampled among age classes or selected with very low selection intensity, hence, the bias in parental age structure would be negligible. For the second sub-path, maternal grand-dams to sons, the bulls' dams at the second generation would be selected with comparatively higher selection intensity among age classes, hence, the bias in age structure for this sub-path would be manifested as in Fig. 1. d , if the selection in the first generation is non-optimized among multiple age classes of parents.
The difference in the size of candidates (544 to 6,504) had no significant systematic effect on the deviation from parental generation interval. The decreasing rate of selection tended to cause the deviation to be large, but its effect was statistically non-significant, though the smaller size and intensive selection resulted in a larger error of estimate associated with the smaller number of selecteds.
It was concluded that when the candidates were less in number as in two hundreds and the selecteds were also few as in tens, the bias in parental age structure would be unimportant.
Nevertheless, when the number of candidates and selecteds are in their thousands (maternal grand dams of bulls) the bias is important in breeding schemes.
